Serum consists of water (93% of serum volume) and nonaqueous components, mainly lipids and proteins (7% of serum volume). Sodium is restricted to serum water. In states of hyperproteinemia or hyperlipidemia, there is an increased mass of the nonaqueous components of serum and a concomitant decrease in the proportion of serum composed of water. Thus, pseudohyponatremia results because the flame photometry method measures sodium concentration in whole plasma. A sodium-selective electrode gives the true, physiologically pertinent sodium concentration because it measures sodium activity in serum water. Whereas the serum sample is diluted in indirect potentiometry, the sample is not diluted in direct potentiometry. Because only direct reading gives an accurate concentration, we suspect that indirect potentiometry which many hospital laboratories are now using may mislead us to confusion in interpreting the serum sodium data. However, it seems that indirect potentiometry very rarely gives us discernibly low serum sodium levels in cases with hyperproteinemia and hyperlipidemia. As long as small margins of errors are kept in mind of clinicians when serum sodium is measured from the patients with hyperproteinemia or hyperlipidemia, the present methods for measuring sodium concentration in serum by indirect sodium-selective electrode potentiometry could be maintained in the clinical practice.
Introduction
In the diagnostic approach for the patients with hyponatemia, pseudohyponatremia should always be differentiated during the initial steps 1) . Although many clinicians are familiar with the term "pseduhyponatremia", they may be aware of the concept and application of pseudohyponatremia only on rare occasions during their practice.
Pseudohyponatremia is an exaggeration of the physiologic dilution of plasma sodium by nonaqueous material 2) . High concentrations of intravascular protein (as in multiple myeloma) or lipid "dilute" the plasma . Plasma osmolality, as measured by an osmometer, also is normal. Thus hyponatremia associated with hyperlipidemia or hyperproteinemia can be considered artifactual, and is called pseudohyponatremia 4) .
Previously, Fuisz refered to this pseudohyponatremia as a well-known matter in a very comprehensive study on hyponatremia 5) . It should be noted that laboratory determinations that depend on a diluting step yield artifactually low sodium concentrations in samples taken from patients with severe hyper- 
Case discussion
Hyponatremia is a known complication associated with the administration of intravenous immunoglobulin (IVIG) [7] [8] [9] [10] [11] . Because IVIG therapy results in postinfusional hyperproteinemia or an increase in the nonaqueous phase of plasma, IVIG is thought to cause pseudohyponatremia, rather than true hyponatremia.
Steinberger et al. conducted a prospective observational study to evaluate the incidence of hyperproteinemia occurring after IVIG therapy and its relationship to serum sodium, osmolality, and the serum osmolal gap 10) . Eighteen IVIG infusions at a standard dose of 2 g/kg administered over 2-5 days were evaluated. Paired t-testing revealed a statistically significant increase in serum protein and viscosity and decrease in serum sodium and calculated osmolality 24
hr after the completion of IVIG therapy (Fig. 1 ). The calculated serum osmolal gap increased insignificantly.
We suspected that our patient had pseudohyponatremia due to IVIG-associated hyperproteinemia. However, measurement of serum osmolality and determination of serum sodium concentrations with both indirect and direct ion-selective electrodes (ISE) were necessary to exclude the possibility of true hyponatremia. The emergency laboratory of my hospital Besides, an association of the syndrome of inappropriate secretion of antidiuretic hormone (SIADH)
with GuillainBarre syndrome has been clearly documented in a number of previous reports [13] [14] [15] [16] . According . The result of low serum osmolality would be a differential clue to SIADH. Physiologic saline solutions (for example, 0.9% NaCl)
were designed to reproduce the sodium concentration in plasma water 2) .
Ion-selective electrodes for the analysis of sodium are used via two major approaches (Fig. 2 Reference 21. in Fig. 3 19) . .
Is pseudohyponatremia easily discernible in cases with hyperproteinemia and hyperlipidemia?
Extreme cases of hyperlipemia 22) and hyperproteinemia 23) will simulate hyponatremia, i.e., spuriously low sodium concentrations will be determined in sera that are markedly lactescent or for sera with the extremely high protein values that are typical in multiple myeloma. In these instances the direct method will give values for sodium that are nearer the normal. Then will the indirect method mislead us to confusion in interpreting the serum sodium data?
My hospital uses indirect ISE methods (Hitachi and
Dade Behring) for the measurement of serum sodium concentration. Serum chemistry data were retrospec- 24) . Actually, as seen in the Table 3 which was proposed by Levy 25) for the correction of errors caused by hyperproteinemia or hyperlipidemia, the margins of errors do not seem to be quite discernible.
